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FM 90-3

CHAPTER 1
THE
ENVIRONMENT
AND ITS EFFECTS
ON PERSONNEL
AND EQUIPMENT

This chapter describes the desert environment and how it affects personnel and
equipment.
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Section I. The Environment

Successful desert operations require adaptation to the environment and to the
limitations its terrain and climate impose. Equipment and tactics must be
modified and adapted to a dusty and rugged landscape where temperatures vary
from extreme highs down to freezing and where visibility may change from 30
miles to 30 feet in a matter of minutes. Deserts are arid, barren regions of the
earth incapable of supporting normal life due to lack of water. See Figure 1-1 for
arid regions of the world. Temperatures vary according to latitude and season,
from over 136 degrees Fahrenheit in the deserts of Mexico and Libya to the bitter
cold of winter in the Gobi (East Asia). In some deserts, day-to-night temperature
fluctuation exceeds 70 degrees Fahrenheit. Some species of animal and plant life
have adapted successfully to desert conditions where annual rainfall may vary
from O to 10 inches.

Desert terrain also varies considerably from place to place, the sole common
denominator being lack of water with its consequent environmental effects, such
as sparse, if any, vegetation. The basic land forms are similar to those in other
parts of the world, but the topsoil has been eroded due to a combination of lack
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of  water, heat, and  wind to give deserts  their characteristic barren appearance.
The bedrock may be covered by a flat layer of sand, or gravel, or may have been
exposed by erosion. Other common features are sand dunes, escarpments, wadis,
and  depressions. This  environment can profoundly affect military operations.
See Figure 1-2  for locations  of  major deserts of the world, and Appendix A for
additional  information  on  desert  countries  of the world.

It is important to realize that deserts are affected by seasons. Those in the
Southern Hemisphere have summer between 21 December and 21 March. This
6-month difference from the United States is important when considering
equipping and training nonacclimatized soldiers/marines for desert operations
south of the equator.

TERRAIN
Key terrain in the desert is largely dependent on the restrictions to movement that
are present. If  the desert floor will  not  support  wheeled  vehicle  traffic, the few
roads and desert  tracks  become key terrain. Crossroads are vital as they control
military operations in a large area. Desert  warfare is often  a  battle for  control of
the lines of communication (LOC). The side that can protect its own LOC while
interdicting those of the enemy will prevail. Water sources are vital, especially if
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a force is incapable of long distance resupply of its water requirements. Defiles
play an important role, where they exist. In the Western Desert of Libya, an
escarpment that paralleled the coast was a barrier to movement except through a
few passes. Control of these passes was vital. Similar escarpments are found in
Saudi Arabia and Kuwait.

Types of Desert Terrain
There are three types of desert terrain: mountain, rocky plateau, and sandy or
dune terrain. The following paragraphs discuss these types of terrain.

Mountain Deserts
Mountain deserts are characterized by scattered ranges or areas of barren hills or
mountains, separated by dry, flat basins. See Figure 1-3 for an example of
mountain desert terrain. High ground may rise gradually or abruptly from flat
areas, to a height of several thousand feet above sea level. Most of the infrequent
rainfall occurs on high ground and runs off in the form of flash floods, eroding
deep gullies and ravines and depositing sand and gravel around the edges of the
basins. Water evaporates rapidly, leaving the land as barren as before, although
there may be short-lived vegetation. If sufficient water enters the basin to
compensate for the rate of evaporation, shallow lakes may develop, such as the
Great Salt Lake in Utah or the Dead Sea; most of these have a high salt content.
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Rocky Plateau Deserts
Rocky plateau deserts are extensive flat areas with quantities of solid or broken
rock at or near the surface. See Figure 1-4 for an example of a rocky plateau
desert. They may be wet or dry, steep-walled eroded valleys, known as wadis,
gulches, or canyons. Narrow valleys can be extremely dangerous to men and
materiel due to flash flooding after rains; although their flat bottoms may be
superficially attractive as assembly areas. The National Training Center and the
Golan Heights are examples of rocky plateau deserts.
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Sandy or Dune Deserts
Sandy or dune deserts are extensive flat areas covered with sand or gravel, the
product of ancient deposits or modern wind erosion. “Flat” is relative in this
case, as some areas may contain sand dunes that are over 1,000 feet high and
10-15 miles long; trafficability on this type of terrain will depend on
windward/leeward gradients of the dunes and the texture of the sand. See Figure
1-5 for an example of a sandy desert. Other areas, however, may be totally flat
for distances of 3,000 meters and beyond. Plant life may vary from none to
scrub, reaching over 6 feet high. Examples of this type of desert include the ergs
of the Sahara, the Empty Quarter of the Arabian desert, areas of California and
New Mexico, and the Kalahari in South Africa. See Figure 1-6 for an example
of a dune desert.
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Trafficability

Roads and trails are rare in the open desert. Complex road systems beyond
simple commercial links are not needed. Road systems have been used for
centuries to connect centers of commerce, or important religious shrines such as
Mecca and Medina in Saudi Arabia. These road systems are supplemented by
routes joining oil or other mineral deposits to collection outlet points. Some
surfaces, such as lava beds or salt marshes, preclude any form of routine
vehicular movement, but generally ground movement is possible in all
directions. Speed of movement varies depending on surface texture.
Rudimentary trails are used by minor caravans and nomadic tribesmen, with
wells or oases approximately every 20 to 40 miles; although there are some
waterless stretches which extend over 100 miles. Trails vary in width from a few
meters to over 800 meters.

Vehicle travel in mountainous desert country may be severely restricted. 
Available mutes can be easily blinked by the enemy or by climatic conditions.
Hairpin turns are common on the edges of precipitous mountain gorges, and the
higher passes may be blocked by snow in the winter.

Natural Factors
The following terrain features require special considerations regarding
trafficability.

Wadis or dried water courses, vary from wide, but barely perceptible depressions
of soft sand, dotted with bushes, to deep, steep-sided ravines. There frequently is
a passable route through the bottom of a dried wadi. Wadis can provide cover
from ground observation and camouflage from visual air reconnaissance. The
threat of flash floods after heavy rains poses a significant danger to troops and
equipment downstream. Flooding may occur in these areas even if it is not
raining in the immediate area. See Figure 1-7 for an example of a wadi.
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Salt marsh (sebkha) terrain is impassable to tracks and wheels when wet. When
dry it has a brittle, crusty surface, negotiable by light wheel vehicles only. Salt
marshes develop at points where the water in the subsoil of the desert rose to the
surface. Because of the constant evaporation in the desert, the salts carried by
the water are deposited, and results in a hard, brittle crust.

Salt marshes are normally impassable, the worst type being those with a dry crust
of silt on top. Marsh mud used on desert sand will, however, produce an
excellent temporary road. Many desert areas have salt marshes either in the
center of a drainage basin or near the sea coast. Old trails or paths may cross the
marsh, which are visible during the dry season but not in the wet season. In the
wet season trails are indicated by standing water due to the crust being too hard
or too thick for it to penetrate. However, such routes should not be tried by
load-carrying vehicles without prior reconnaissance and marking. Vehicles may
become mired so severely as to render equipment and units combat ineffective.
Heavier track-laying vehicles, like tanks, are especially susceptible to these
areas, therefore reconnaissance is critical.

Man-made Factors
The ruins of earlier civilizations, scattered across the deserts of the world, often
are sited along important avenues of approach and frequently dominate the only
available passes in difficult terrain. Control of these positions maybe imperative
for any force intending to dominate the immediate area. Currently occupied
dwellings have little impact on trafficability except that they are normally located
near roads and trails. Apart from nomadic tribesmen who live in tents (see
Figure 1-8 for an example of desert nomads), the population lives in thick-
walled structures with small windows, usually built of masonry or a mud and
straw (adobe) mixture. Figure 1-9 shows common man-made desert structures.
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Because of exploration for and production of oil and other resources, wells,
pipelines, refineries, quarries, and crushing plants may be of strategic importance
in the desert. Pipelines are often raised 1 meter off the ground—where this is the
case, pipelines will inhibit movement. Subsurface pipelines can also be an
obstacle. In Southwest Asia, the subsurface pipelines were indicated on maps.
Often they were buried at such a shallow depth that they could be damaged by
heavy vehicles traversing them. Furthermore, if a pipeline is ruptured, not only
is the spill of oil a consideration, but the fumes maybe hazardous as well.

Agriculture in desert areas has little effect on trafficability except that canals
limit surface mobility. Destruction of an irrigation system, which may be a result
of military operations, could have a devastating effect on the local population
and should be an important consideration in operational estimates. Figure 1-10
shows an irrigation ditch.

TEMPERATURE
The highest known ambient temperature recorded in a desert was 136 degrees
Fahrenheit (58 degrees Celsius). Lower temperatures than this produced internal
tank temperatures approaching 160 degrees Fahrenheit (71 degrees Celsius) in
the Sahara Desert during the Second World War. Winter temperatures in
Siberian deserts and in the Gobi reach minus 50 degrees Fahrenheit (minus 45
degrees Celsius). Low temperatures are aggravated by very strong winds
producing high windchill factors. The cloudless sky of the desert permits the
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earth to heat during sunlit hours, yet cool to near freezing at night. In the inland
Sinai, for example, day-to-night temperature fluctuations are as much as 72
degrees Fahrenheit.

WINDS
Desert winds can achieve velocities of near hurricane force; dust and sand
suspended within them make life intolerable, maintenance very difficult, and
restrict visibility to a few meters. The Sahara “Khamseen”, for example, lasts for
days at a time; although it normally only occurs in the spring and summer. The
deserts of Iran are equally well known for the “wind of 120 days,” with sand
blowing almost constantly from the north at wind velocities of up to 75 miles per
hour.

Although there is no danger of a man being buried alive by a sandstorm,
individuals can become separated from their units. In all deserts, rapid
temperature changes invariably follow strong winds. Even without wind, the
telltale clouds raised by wheels, tracks, and marching troops give away
movement. Wind aggravates the problem. As the day gets wanner the wind
increases and the dust signatures of vehicles may drift downwind for several
hundred meters.

In the evening the wind normally settles down. In many deserts a prevailing
wind blows steadily from one cardinal direction for most of the year, and
eventually switches to another direction for the remaining months. The
equinoctial gales raise huge sandstorms that rise to several thousand feet and
may last for several days. Gales and sandstorms in the winter months can be
bitterly cold. See Figure 1-11 for an example of wind erosion.
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Sandstorms are likely to form suddenly and stop just as suddenly. In a severe
sandstorm, sand permeates everything making movement nearly impossible, not
only because of limited visibility, but also because blowing sand damages
moving parts of machinery.

WATER
The lack of water is the most important single characteristic of the desert. The
population, if any, varies directly with local water supply. A Sahara oasis may,
for its size, be one of the most densely occupied places on earth (see Figure 1-12
for a typical oasis).

Desert rainfall varies from one day in the year to intermittent showers throughout
the winter. Severe thunderstorms bring heavy rain, and usually far too much rain
falls far too quickly to organize collection on a systematic basis. The water soon
soaks into the ground and may result in flash floods. In some cases the rain
binds the sand much like a beach after the tide ebbs allowing easy maneuver
however, it also turns loam into an impassable quagmire obstacle. Rainstorms
tend to be localized, affecting only a few square kilometers at a time. Whenever
possible, as storms approach, vehicles should move to rocky areas or high
ground to avoid flash floods and becoming mired.

Permanent rivers such as the Nile, the Colorado, or the Kuiseb in the Namib
Desert of Southwest Africa are fed by heavy precipitation outside the desert so
the river survives despite a high evaporation rate.

Subsurface water may be so far below the surface, or so limited, that wells are
normally inadequate to support any great number of people. Because potable
water is absolutely vital, a large natural supply may be both tactically and
strategically important. Destruction of a water supply system may become a
political rather than military decision, because of its lasting effects on the
resident civilian population.
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Finding Water

When there is no surface water, tap into the earth’s water table for ground water.
Access to this table and its supply of generally pure water depends on the
contour of the land and the type of soil. See Figure 1-13 for water tables.
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